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(54) RARE EARTH PERMANENT MAGNET 



PURPOSE: To clarify the combination of orientation required for raising the 
performance of an Nd-Fe-B magnet and main phase volume percentage, and 
clarify the optimum quantity of a phase rich in Nd and a phase rich in B, and 
clarify the structure form required to obtain target property. 
CONSTITUTION: This magnet has the structure of (Nd1-x- 




(57)Abstract: 



yzCexPryDyz)aFebCocBdADeMfAlg (here, 0.01£X<0.1, 0.05<;Y<;0.5, 0.001 <Z< 
0.25, AD is at least one kind out of Cu, Zn, and Ga, and M is at least one kind out 
of V, Mo, Nb, and W, and 5<a<£18at%, 65<b<85at%, 0<;c<20at%, 4<d£15at%, 0£ 
e<7at%, 0<f<7at%, and 0<g<5at%). This is a rare earth permanent magnet 
consisting of a sintered substance where the orientation degree (Br/Ms) is 0.90- 
0.97, the main phase volume percentage is 90-97%, and the volume percentage 
of other nonmagnetic phase is 3-10%. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The rare earth permanent magnet with which it is the R-T-B system 
rare earth permanent magnet which consists of a main phase which makes a 
subject an R2T14B compound (R is a rare earth metal element and T is a 
transition-metals element), and a nonmagnetic phase, the amounts of preferred 
orientation (Br/Ms) are 0.90-0.97, and the rate of the main phase volume is 
characterized by the rate of the volume of 89 - 97% and other nonmagnetic 
phases consisting of a sintered compact which is 3 - 10%. 
[Claim 2] The rare earth permanent magnet according to claim 1 whose (BH) 
max the rate of the volume of 89 - 95% and other nonmagnetic phases is 38 - 
46MGOe at 5 - 10% for the rate of the main phase volume. 
[Claim 3] The rare earth permanent magnet according to claim 1 whose (BH) 
max the rate of the volume of 92 - 97% and other nonmagnetic phases is 42 - 
53MGOe at 3 - 7% for the rate of the main phase volume. 
[Claim 4] The rare earth permanent magnet according to claim 1 to 3 whose rate 
of the volume of B rich phase the rate of the volume of Nd rich phase is 0.05 - 
8% at 2 - 8%. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the high performance rare earth 
permanent magnet used for VCM (voice coil motor), a rotating equipment, etc. 
[0002] ' 

[Description of the Prior Art] A Nd-Fe-B system magnet (patent public notice 
Showa 63-65742) has large saturation magnetization, and came to be used for 
the broad application from a high energy product being obtained, the problem of 
the thermal resistance and corrosion resistance which were made into the 
problem until now is solved to some extent, and is problematic practically - 
extent solution was carried out. Also in the maximum energy product, the thing of 
30 - 40MGOe was produced. 
[0003] 

[Problem(s) to be Solved by the Invention] Much more miniaturization of the 
equipment using a permanent magnet is demanded recently, and an appearance 
of a permanent magnet which has a higher energy product in connection with it is 
desired. Then, this invention offers a technical problem a rare earth magnet with 
a high energy product. 
[0004] 

[Means for Solving the Problem] By raising the amount of preferred orientation of 
crystal grain high-performance-izing a Nd-Fe-B system magnet, and reducing the 



amount of oxygen, the total amount of rare earth elements is reduced, and it 
becomes indispensable to raise the rate of the main phase volume. The amount 
of preferred orientation is a numeric value showing with all of how much together 
an easy axis is in each crystal grain here, and it is usually expressed with the 
ratio (Br/Ms) of a residual magnetic flux density Br and saturation magnetization 
Ms. It is necessary to ease this magnetic condensation, and since pulverizing 
powder condenses magnetically when orientation in a field is carried out by the 
forming process in order to raise the amount of preferred orientation, it is 
necessary to fabricate so that orientation may not be disturbed. Moreover, it is 
necessary to hold down nonmagnetic phases, such as Nd rich phase, B rich 
phase, an oxide phase, Nb sludge, and pore, to raising the rate of the main 
phase volume to the minimum. However, even if it makes [ many ] the rate of the 
main phase volume, if there is no Nd rich phase, good magnetic properties will 
not be acquired, if B rich phase is lost, Fe will generate and square shape nature 
will be worsened. For this reason, the range for taking out good magnetic 
properties exists in Nd rich phase and B rich phase. 
[0005] this invention is made based on the above knowledge - having - an 
R2T14B compound (R - a rare earth metal element --) T is a R-T-B system rare 
earth permanent magnet which consists of a main phase which makes a 
transition-metals element a subject, and a nonmagnetic phase, and the amounts 
of preferred orientation (Br/Ms) are 0.90-0.97. The rate of the main phase volume 
is the rare earth permanent magnet characterized by consisting of a sintered 
compact whose rate of the volume of 89 - 97% and other nonmagnetic phases is 
3-10%. 

[0006] This invention is explained further in full detail below. The amounts of 
preferred orientation (Br/Ms) are 0.90-0.97, and although the rate of the volume 
of 89 - 97% and other nonmagnetic phases is 3 - 10%, the rate of the main 
phase volume this invention rare earth permanent magnet The rate of the main 
phase volume by 0.90-0.94 89 - 95%, [ the amount of preferred orientation 
(Br/Ms) ] When the rate of the volume of a nonmagnetic phase is 5 - 10%, the 



amount of preferred orientation (Br/Ms) again in addition, by 0.92-0.97 [ the 
property of (BH) max=40 - 46MGOe ] The rate of the main phase volume is 92 - 
97%, in addition when the rate of the volume of a nonmagnetic phase is 3 - 7%, 
the property of (BH) max=42 - 53MGOe is acquired. 
[0007] The rate of the volume of Nd rich phase is 2 - 8%, and, as for 
nonmagnetic phases other than the main phase, it is desirable that the rate of the 
volume of B rich phase is 0.1 - 8%. Since a good property is not acquired at the 
rate of the volume, without making liquid phase sintering at less than 2%, Nd rich 
phase is made into 2% or more at the rate of the volume. It is 2.3% or more 
desirably. When B rich phase does not exist, Fe generates, square shape nature 
worsens, and if it is 0.1% or more at the rate of the volume, the magnetic 
properties which Fe did not generate but were excellent are acquired. Therefore, 
it may be 0.5% or more at the rate of the volume. However, since Nd rich phase 
and B rich phase will reduce magnetic properties if they exist exceeding 8%, 
respectively, they are not desirable. 

[0008] As a presentation of this invention rare earth permanent magnet, the 
following are desirable. 

(Nd1-X-Y-ZCeXPrYDyZ) aFebCocBdADeMfAlg (here) 0.001<=X<=0.1, 
0.05<=Y<=0.5, 0.001<=Z<=0.25, and AD are at least one sort in Cu, Zn, and Ga, 
and M is at least one sort in V, Mo, Nb, and W. Five <=a<=18at% and 65 
<=b<=85 at% and 0 <=c<=20 at%, 4 <=d<=15at% and 0 <=e<=7at% and 0 
<=f<=7at% and 0 <=g<=5at% 

Rare earth elements R are more than 5at% and less than [ 18at% ], and are 
preferably contained in more than 10at% and not more than 16at%. As for 
superfluous addition of Ce, 0.001<=X<=0.1 is desirable preferably. Although Pr 
has effectiveness in coercive force and heat-resistant improvement if it is used in 
0.05<=Y<=0.5, the addition beyond this decreases saturation magnetization and 
also reduces corrosion resistance. Since large coercive force is acquired and 
« high coercive force is acquired, without the range of 99.95:0.05 to 75:25 falling 
saturation magnetization greatly as a ratio of Nd+Ce+Pr and Dy when Dy is 



included, it is desirable. 

[0009] Fe is contained in 65 <=b<=85at%. It is because coercive force will 
decline remarkably less than [ 65at% ] if saturation magnetization is low and 
exceeds 85at(s)%. 

[0010] Co is an element contributed to the improvement in thermal stability, and 

is contained in not more than 20at%. It is because saturation magnetization and 

coercive force will decline if 20at(s)% is exceeded. In addition, as for the ratio of 

Fe and Co, it is desirable to make it the range of 99.95:0.05 to 77:23 in order to 

hold moderate square shape nature and coercive force. 

[001 1] the amount of B - 4 <=d<=15at% -- desirable - this - if out of range, a 

residual magnetic flux density and coercive force become small. 

[0012] Although AD is an element for raising coercive force, since a residual 

magnetic flux density will be reduced if 7at% is exceeded, it may be less than 

[ 7at% ]. It is desirable to consider as the range of 0.01 <=e<=4at%. 

[0013] Although M element is an element which has effectiveness in grain growth 

control and the improvement in thermal stability, since saturation magnetization 

will be reduced if contained superfluously, when adding, considering as less than 

[ 7at% ] is desirable. 

[0014] aluminum has effectiveness in the improvement in coercive force, and is 
mixed from Ferro-B at the time of the dissolution. However, since Curie 
temperature will be lowered if contained superfluously, when adding, it may be 
less than [ 5at% ]. 

[0015] Next, the manufacture approach of this invention magnet is explained, this 

invention magnet is producible with a sintering process. After producing a 

dissolution ingot and performing hydrogen absorption and dehydrogenation 

treatment to this ingot, it pulverizes and is obtained by fabricating, sintering and 

heat-treating among a magnetic field after that. 

[0016] 

[Example] 

(Example 1) Weighing capacity of Metal Nd, Metals Dy, Fe, and Co, ferro-B, and 



ferro-Nb was carried out so that it might become the following presentation, 
vacuum melting of this was carried out, and the ingot with a weight of 10kg was 
produced. NdxDy0.4Fe88.1-xCo4.5 B6Nb0.5aluminum0.5 (X=12.1-15.0) -- after 
cracking this ingot with a hammer, coarse grinding in the inside of an inert gas 
ambient atmosphere was further performed using the coarse crusher, and coarse 
powder with a grain size of 500 micrometers or less was obtained. Similarly this 
coarse powder was pulverized in the inert gas ambient atmosphere using the jet 
mill, and fines were obtained. These fines were 4.0 micrometers (F. S.S.S.) in 
mean particle diameter. Next, press forming in a magnetic field of these fines 
was carried out, and the Plastic solid of 20x20x15 was produced. This Plastic 
solid was sintered and the permanent magnet was obtained by heat-treating 
further. Although the change of (BH) max by the amount of Nd(s) is shown in 
drawing 1 , a good property is not acquired by reduction of Nd rich phase when 
the amount of Nd(s) is less than [ 12.7at% ]. Moreover, like [ it is ****** from 
drawing 1 and ], when the amount of preferred orientation (Br/Ms) is 0.91, (BH) 
max=45MGOe has not been obtained, but when the amount of preferred 
orientation is 0.93, that of ****** from which (BH) max=45MGOe is obtained is 
known. Change of the amount of oxygen in the presentation of 
Nd12.8Dy0.4Fe75.3Co4.5B6.0Nb0.5aluminum0.5, B rich phase, Nd rich phase, 
an oxide phase, and the rate of the volume of Nb sludge is shown in drawing 2 . 
Although an oxide phase increases with the increment in the amount of oxygen, 
Nd rich phase decreases. Nb sludge and B rich phase are almost fixed 
irrespective of the amount of oxygen. In addition, the rate of the main phase 
volume in case the amount of oxygen is 0.3wt(s)% was 94.28%. 
[0017] (Example 2) With presentation 

Nd12.4Dy0.4Fe75.9Co4.5B5.9Nb0.4aluminum0.5, the pore 0.5vol% magnet was 
obtained amount of oxygen 0.1 wt% like the example 1. The change of (BH) max 
by the amount of preferred orientation of this magnet is shown in drawing 3 . In 
this presentation, it turns out that the property of 0.958 or more [ then ] and (BH) 
max=50MGOe is acquired in the amount of preferred orientation. For B rich 



phase, Nd rich phase was [ the main phase volume at this time / Nb sludge of the 

oxide phase ] 0.17% 0.65% 2.62% 0.1% 95.96%. 

[0018] 

[Effect of the Invention] In the R-T-B system magnet, the aperiodic compass was 
able to be obtained the amount of preferred orientation, the rate of the main 
phase volume, and by attaining optimization of Nd rich phase and B rich phase 
further. 

[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the change of (BH) max by the amount of 
Nd(s) in the magnet of NdxDy0.4Fe88.1-xCo4.5 B6Nb0.5aluminum0.5 (x=12.1- 
15.0). 

[Drawing 2] It is the graph which shows the relation of B rich phase when 
changing the amount of oxygen by the presentation of 
Nd12.8Dy0.4Fe75.3Co4.5B6.0Nb0.5aluminum0.5, Nd rich phase, an oxide 
phase, and the rate of the volume of Nb sludge. 

[Drawing 3] At Nd12.4Dy0.4Fe75.9Co4.5B5.9Nb0.4aluminum0.5, it is the amount 



0.1 of oxygen. It is the graph which shows the change of (BH) max by the 
amount of preferred orientation of pore 0.5vol% of case wt%. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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[Translation done.] 



